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THE  WEATHER AND CIRCULATION OF MAY 1956' 
Another  April-May  Reversal 

WILLIAM H. KLEIN 
Extended Forecast  Section, U. S. Weather  Bureau,  Washington, D. C. 

1 .  TEMPERATURE  REVERSAL IN THE UNITED STATES 

In studying the  annual course of month-to-month per- 
sistence in the United  States,  Namias  [l] found that 
April-May  was characterized by less persistence than any 
other pair of months except October-November. This 
tendency for change in long-period weather regimes  was 
evidenced by monthly anomalies of precipitation, surface 
temperature,  and 700-mb. height.  Recent  years  have 
furnished additional examples of April-May reversals, 
particularly in 1954  [2]. 

This  year  another  striking change in monthly weather 
and circulation occurred from April to  May. This is 
well illustrated  in figure 1, which compares the  monthly 
mean temperature anomalies observed in the, United 
States  during April and  May of 1956. Whereas April 
was characterized by below and much below normal tem- 
peratures  in all parts of the  country except the Pacific 
Northwest [3], May was dominated by unseasonable 
warmth in all sectors except the extreme Southwest and 
Northeast. Of 100 stations evenly distributed over the 
country,  there were only 49 in which the temperature 
anomaly did  not change by more than one class (out of 
five). This  represents considerably less persistence than 
expected either by chance (59) or  from past years (58) [I]. 
In portions of the  Central  Plains  an extreme four-class 
change occurred, from much below to much above normal 
(fig. 1). 

2. CHANGES IN THE GENERAL CIRCULATION 
HEMISPHERIC 

This reversal in temperature was accompanied by  an 
equally striking change in circulation pattern.  This is 
illustrated on a hemispheric basis by  the zonal wind speed 
proltiles shown in figure  2. At  the 700-mb. level wind 
speeds in the Western Hemisphere during May (solid) 
were stronger than during April (dashed) between 60' 
and 40' N., but weaker between 40' and 20' N. From 
April to May the axis of maximum west wind shifted loo 
northward and increa.sed in speed by 4 m. p. s. Normally, 
little change in 700-mb. zonal wind speed profile occurs 
during these two months [4]. At  the 200-mb.  level the 
axis of the mean jet  stream was displaced northward  by 

I See charts I-XV following page 206 for analyzed climatological data for the month. 

over 20°, from about 25' N. in April (dashed) to about 
48' N.  in May (solid). As at  700 mb., wind speeds in- 
creased from April to  May between 60' and 40' N., and 
decreased to the south. However, the speed at  the lati- 
tude of maximum 200-mb.  wind was weaker during May 
than -4pril. 

Changes in  character of the hemispheric wind belts from 
April to  May are also  well portrayed in terms of the stand- 

FIGURE 1.-Monthly mean  surface temperature anomalies for (A) 
April 1956, (B) May 1956. The classes above, below, and near 
normal occur on the average  one-fourth of the  time;  much below 
and  much above  each  normally occur one-eighth of the time. 
Note  marked warming from April t o .  May  in all parts of the 
country except  extreme  Southwest and  Northeast. 
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FIGURE 2."Monthly mean zonal wind speed profiles  for the Western 
Hemisphere at 700 mb. and 200 mb. for  April (dashed) and May 
(solid) 1956. At both levels the latitude of maximum west 
wind shifted sharply northward  from  April to May. 

ard fixed-latitude indices [5]. Table 1 gives monthly 
mean values of these indices at the 700-mb.  level. Both 
temperate (or zonal) and  polar westerlies increased in 
value from  April to  May  this year,  contrary  to  the normal 
seasonal trend which  calls for a decline. Conversely, the 
subtropical  westerlies  weakened much more than normal, 
going from above normal values during April to below 
normal in May. All of these changes reflect the marked 
northward shift of the westerlies noted in figure 2.  They 
indicate that whereas April was a classic  low (zonal) 
index month with an expanded circumpolar vortex, May 
was just the opposite; namely, a high index month  with 
s contracted circumpolar vortex [5]. 

REGIONAL 

Changes in the general circulation on a regional basis 
are perhaps best illustrated by figure 3, the anomalous 
700-mb. height change from April to  May. This chart 
wm prepared by  subtracting  the 700-mb. height  departure 
from normal observed last month (fig. 1 of [3]) from its 
counterpart for this month, reproduced in figure 4. The 
largest anomalous height change in figure 3 is the fall of 
590 feet near Baffin Bay, where a persistent blocking 
ridge during April [3] was replaced by  an abnormally deep 
cyclonic vortex in May (fig. 4). A similar fall took place 
near Iceland, where a mean 700-mb. height anomaly of 
-330 feet  was the largest departure from normal observed 
anywhere in the Northern Hemisphere during May (fig. 
4). As frequently  happens 151, these height falls in the 
subpolar region  were accompanied by rises in  the  sub- 
tropics. In fact, a continuous band of anomalous height 
rises (fig. 3 )  and above normal heights (fig. 4) extended 
m o s s  middle latitudes from Japan eastward to  Europe, 

TABLE 1.-Monthly  mean  values of standard  indices of the TOO-mb. 
westerlies i n  the Western  Hemisphere  during  April and M a y  1966 
(in meters per second). 
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FIGURE 3.-Difference between monthly mean 700-mb. height 
anomaly for  April and May 1956 (in tens of feet). Large anomal- 
ous height changes in eastern North America and Atlantic 
were indicative of marked acceleration and northward  displace- 
ment of main belt of westerlies from  April to May. 

with largest rises in Europe  and  the eastern United 
States.  The  resultant acceleration of the westerlies 
north of 40' N., and  their deceleration to  the south, were 
most  marked in the  Atlantic  and  eastern  North America, 
but also evident  in the Pacific (fig. 3). 

The geographical distribution of the field of mean 
horizontal geostrophic wind speed at the 700-mb.  level 
and its departure  from  the  May normal are illustrated in 
figure 5. Confluence of two branches of the 700-mb. jet 
stream over Japan produced a strong single jet down- 
stream in the Pacific, with maximum speed of 20 m. p. s. 
(fig. 5A), 10 m. p. s. greater  than normal (fig. 5B),  just 
south of the Aleutians. The  jet  stream was  weak and 
split  into several branches over western North America; 
but from the  Great  Lakes  northeastward  to Scandinavia 
it was  well  defined and  stronger than normal, by as much 
as 11 m. p. s. in the eastern  Atlantic. 

The 700-mb. jet  streams  drawn  in figure 5A have been 
reproduced as solid curves in figure 6 for  ready compari- 
sons with their counterparts of April, drawn as dashed 
curves. It can be seen that  the axis of the principal 
west-to-east jet was displaced about 5' of latitude  north- 
ward in the United States from April to May. This 
northward  shift was even more pronounced at  the 200- 
mb. level, where strong mean jets were clearly delineated 
along the Gulf Coast  in April (dashed) and over the 
Great  Lakes  in May (solid). 

Northward displacement of the  jet  stream from April to 
May was accompanied by corresponding shifts of other 
features of the general circulation. For example, the 
principal track of sea level cyclones in the United States 
shifted northward  during the  month from a position 
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FIGURE 4.-Monthly mean 700-mb. height  contours and departures from normal  (both  in  tens of feet) for May 1956. Trough (heavy 
solid line) extending  southward  from Baffin Bay to Bermuda was east of its April  position (line of open circles) at all latitudes. Centers 
of positive  anomaly  over  Tennessee (4-170 ft.) and  negative anomaly over Hudson  Bay (-250 rt,) moved northward  from  their April 
locations  along t.racks denoted by open  arrows. 

through the Ohio  Valley in April, shown by the dashed 
arrow in figure  7A,  to a position through the Upper 
Lakes in  May, shown by a solid arrow. Each of these 
positions was a few  degrees north of the 700-mb. jet 
stream for the appropriate  month (fig. 6). 

A similar northward displacement was  experienc,ed by 
the two largest centers of mean 700-mb. height departure 
from normal over the  United States during April and May. 
The trajectories of these two anomaly centers  are given 
by the open arrows of figure 4. The positive center 

moved northward from Mexico in April,  to Texas during 
mid-April to mid-May, and  then  northeastward to 
Tennessee in May.  The negative center was located over 
the  Great Lakes in April, James Bay in mid-April to 
mid-May, and Hudson Bay in May. Thus a negative 
anomaly center over the castern  United  Stat'es in April 
was replaced by a positive center in May, resulting in an 
anomalous height change of +270 ft .  in figure 3. 

In addition to  the northward  shift described above, 8 
significant eastward displacement of several circulation 
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FIGURE 5.-(A) Mean 700-mb. isotachs and (B) depart,ure from 
normal wind speed (both  in  meters per second) for  May 1956. 

' Solid arrows in (A) indicate axis of the mean jet  stream  at t,he 
' 700-mb. level. Note  center of fast wind speed (F) in  the  North- 
east, where speeds were 6 m. p. s. above  normal, and centers of 
slow speed (S) in  Southeast  and Northwest, where speeds were 4 
meters per second below normal. 

features occurred from April  to May. Figure 4 contains 
the  April position of the minimum-latitude trough  in 
eastern North America (line of open circles). Compri- 
son with tbe  May position (solid line) indicates that  this 
trough  moved eastward at  all latitudes from 20° to 80' N. 
A similar eastward shift took place in the principal track 
of sea  level polar anticyclones from the Arctic Ocean and 
Canada into the northern  United  States. This track is 
shown in  figure  7B by solid arrows for May  and  by dashed 
arrows for April. During both months the High  track 
was extremely  well marked and located almost directly 
ljeneath an axis of the 700-mb. jet stream.  This merid- 
ional branch of tthe jet was well delineated and stronger 
than normal, as illustra.t.ed in figure 5 for May. Figure 6 

FIGURE 6.-Locatiun of axes of jet  streams on mont,hly mean charta 
a t  700 mb. (heavy lines) and 200 mb. (thin lines) for April (daah- 
ed) and  May (solid) 1956. A t  both levels marked northward 
displacemc~~t from April to  May was evident  in  the United 
States.  Eastward  shift of 700-:cb. jet in Canada was also 
important. 

shows t,hat the eastward displacement of this portion of 
the  jet  stream  from April to  May was just as well marked 
as the corresponding displacement of the primary  anti- 
cyclone track (fig. 7B)  a.nd t,he monthly mean  trough 
(fig. 4). 

3. WEATHER OF THE MONTH 

TEMPERATURE 

hvemge temperatures  during May were  below  normal 
llortheast, of a line extending approximately from Wil- 
nlington, N. C . ,  through IvIilwaukee, Wis., to Havre, 
Mont.  (Chart 1-43). La,r.rgcst departures  from normal, in 
excess of 4' F., mere recorded in New England, New 
York, and northea.st,ern Minnesota.. It was the  coldest 
May on record at  Caribou,  hIaine  and the coldest  since 
1917 at many  other  stations in the  Northeast. On the 
9th,  the following minimum temperatures (in OF.) were 
the lowest ever recorded in May: Portland, 2 3 ;  Albany, 
27; Hartford, 28; Providence, 29; and Norfolk, 36. In 
addition  many new minimum rccords for individual dates 
were set  during the mont'h, but these  are too numerous to 
mention bere. Dama'ge to crops by killing frost was 
severe and widespread, and many  stations reported t,heir 
latest freeze on record on the 25th. Further details are 
contained in an article by Lautzenheiser [ 6 ] .  

Cold air in t,he Nort,heast may  be relate,d to several 
features of t,he general circulation. Figure 4 shows that 
the region  was dominated by stronger than normal nortah- 
westerly flow at  the 700-mb.  level. This flow had an ex- 
tremely long fet8ch from western Canada a.nd the Arctic 
Ocean to t'he north. Along its axis, delineated by  the 
solid je t  stream arrow in figure 5 4  wind  speeds  averaged 
about 4 m. p. s. greater  t,han normal (fig. 5B). It was 
instrumental  in  steering  a large number of continental 
polar anticyclones at  sea level from Canada and the Arctic 
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FIGURE 7.-Frequency of (A) cyclone and (B) anticyclone passages 
(within 5' squares at 45O N.) during May 1956.  Principal 
cyclone tracks are indicated by solid arrows and anticyclone 
tracks by open arrows, with corresponding positions during 
April 1956, dashed. Note northward shift of cyclone track in 
United States April to May and eastward displacement of track 
of polar anticyclones. 

into  the  northeastern  United  States.  Their  tracks  are 
given individually in Chart IX and summarized in figure 
7B. The passage of each of these Highs was responsible 
for a fresh outbreak of cold air in northern  and  eastern 
sections of the United States.  The source region for  this 
air is normally very cold, but  this year it was much colder 
than normal. This is shown by figure 8, which gives the 
mean departure from normal of thickness in the  layer 
between  1,000 and 700 mb. observed during May 1956. 
Temperatures averaged below normal in nearly all parts of 
Canada  and  the Arctic Ocean, n h h  the greatest  departures 

FIGURE 8.-Departure  from normal of monthly mean thicknw 
(1,000-700 mb.) for May 1956, with subnormal values stippled. 
As in April [3], the polar source region over central Canads 
was unusually cold. 

(over 5' C.) in  northern Hudson Bay.  This frozen Hud- 
son Bay was  precisely the region from which most of the 
Northeast's cold weather  emanated. 

The only other  portion of the United States with below 
normal temperatures  during May was the extreme South- 
west. In  the  States of California and  Nevada tempera- 
tures averaged from 0' to 2' F., below normal (Chart I-B). 
Cool air  in  this region  was apparently  rather shallow since 
the thickness of the layer from 1,000 to 700 mb. averaged 
above normal for the  month (fig. 8).  Above normal 
cloudiness (Chart VI-B) and precipitation (Chart 111) in 
the monthly mean trough (fig. 4) diminished sunshine 
(Chart  VII)  and solar radiation  (Chart VIII)  and kept 
surface temperatures low. In addition, some  cool Pacific 
air was carried into  the Southwest by a somewhat stronger 
than normal jet  stream at t,he 700-mb.  level  (fig. 5). 

In  the remainder of the United States average tempera- 
tures for May were above normal (Chart I-B). Largest 
departures, over 6' F., were observed in the vicinity of  the 
Texas-Oklahoma Panhandle, but departures  in excess of 
2' F. were recorded over a wide and continuous belt from 
Key West in the extreme Southeast to Seattle  in  the far  
Northwest. This was the warmest May on record  at 
Dodge City,  Kans.,  and Dallas, Fort  Worth,  and Wichite 
Falls, Tex. Throughout the country,  many new  records, 
too numerous to mention, were set  for maximum tempera- 
tures on individual dates. A few of these were  absolute 
maxima for May,  and these are listed in  table 2.  

This abnormal warmth was directly related  to the 
monthly mean circulation. Throughout  the  area of above 
normal temperatures  both 700-mb. heights (fig. 4) and 
1,000-700-mb. thicknesses (fig. 8) avoraged above normal, 
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TABLE 2.-Mmimum temperatwe8  during  May 1956 which eqctaled or 
exceeded  highest  recorded on any previous May  day 

*Equaled previous  record. 

while geostrophic relative  vorticity at 700 mb. was 
strongly anticyclonic (fig. 9). Of special importance was 
the  700-mb. high center  over  northern  Florida and  the 
center of above normal heights to  its  north (fig. 4). This 
was a warm High composed primarily of maritime  tropical 
air masses.  On the  monthly mean map at  sea. level 
(Chart XI) it was represented by a strong westward 
extension  of the semipermanent Azores-Bermuda high 
pressure belt. Consequently, stronger than normal 
southerly  flow dominated  most of the eastern half of tho 
United States at sea level (Chart XI inset)  and  the  southern 
hdf at 700 mb. (fig. 4). As a result of this flow, warm air 
from low latitudes was carried northward into most of the 
Nation,  while  cold air masses from Canada were  confined 
to the Northeast.  Containment of the cold air was 
aided by  the existence of stronger than normal westerlies 
(fig. 5 )  in a pronounced confluence  zone stretching from the 
Northern Plains eastward through the  Great  Lakes  to 
New England (fig. 4). 

PRECIPITATION 

As is frequently the case, precipitation, because of its 
discontinuous nature, was more difficult to relate to  the 
monthly mean circulation than was temperature. Most 
straightforward, perhaps, was the large area of above 
normal precipitation observed in  the Far West  (Chart 111). 
More than twice the normal amount  for  May fell in parts 
of California,  Oregon, Idaho,  and Nevada. This was the 
wettest May on record at  Red Bluff, Calif., and Meacham, 
Oreg., and  the second wettest a t  Blue Canyon, Calif. 
This precipitation was associated with  a mean trough 
through the area at all levels of the troposphere (Charts 
XI to XV) and  marked cyclonic relative  vorticity at 700 
mb. (fig. 9).  Heavy  rains combined with  rapid snownielt 
due to above normal temperatures produced flooding in 
sections of Idaho, Washington, Montana,  and Oregon 
during the  last week of May  and first week of June.  The 
worst  flood on record occurred on the Kootenai  River in 
Idaho,  while lesser floods were reported on the Snake  and 
Columbia Rivers. 

Another band of plentiful precipitation stretched across 
the northern portion of the country from the  Continental 
Divide eastward to New England, with heaviest amounts 
in the Northern  Rocky  Mountain States  and  the Great 
Lakes region. Akron, Ohio, reported a total of 9.60 inches 
for its wettest May in 70 years, while it was the 2d wettest 

389702--5&-2 

FIGURE 9.--Vert.ical component of the mean geostrophic vorticity 
at 700 mb. for May 1956, in units of 10-6 sec. -1. Cyclonic 
vorticity  and  anticyclonic  vorticity are considered positive and 
negative,  respectively,  and labeled C and A at centers. Anti- 
cyclonic vorticity  dominated  all parts of the  United  States 
except the Southwest  and  Northeast. 

May on record a t  Grand  Rapids, Mich. Muskegon, Mich., 
had 12 thunderstorm  days, the most ever observed in 
May.  Much of this  precipitation fell in an area of con- 
fluence (fig. 4) and cyclonic vorticity (fig.  9) at 700 mb., 
above a  trough at sea level (Chart XI), and underneath 
a pronounced upper level jet (fig. 6). It wa.s primarily 
cyclonic and  frontal  in  nature  as  an unusually large 
number of closed  Lows (as many as 9 per 5 O  box) traversed 
the  Great Lakes region during the  month  (Chart X and 
fig. 7A).2 Some of these cyclones  were  responsible for 
severe weather in  the Midwest on several days of the 
month. Highlights included tornadoes  in Michigan and 
Ohio,  floods in Indiana  and Missouri, high winds in Iowa, 
and hail in Nebraska  and Wyoming. Part of the pre- 
cipitation in  the  northern  border  States was in the form 
of snow and freezing rain since temperatures were  below 
normal in this  area. As much as 9 inches of snow  fell 
at  Wausau, Wis., on the  6th,  and  Harrisburg, Pa., re- 
ported its latest snow on record on thc 16th:, 

In  the remainder of the Nation  near  to below normal 
precipitation was observed during  May, except for scat- 
tered  heavy showers of the summer type along the Gulf 
and  South  Atlantic coasts and  in Oklahoma. Chart I11 
shows that less than half of the normal precipitation fell 
in parts of the Southwest, Southeast, and  Central Plains. 
This was the driest May on record a t  Concordia, Eans., 
with  total rainfall amount 0.99 inch,  and at  Del Rio, 
Tex.,  with a total of only 0.03 inch. It was the third 
driest May  at Macon, Ga., and  the eighth consecutive 

For a detailed analysis of the  precipitation  accompanying one of these storms, see 
adjoining article by Oliver and Shaw. 
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FIQURE 10.-Fifteen-day mean 700-mb. height contours  and  de- 
partures from normal (both  in  tens of feet) for (A) May 1-15, 
1956, and (B) May 16-30, 1956. Note cutting off and weakening 
of west coast trough  during second half of month  as  deep  trough 
developed in eastern Pacific. 

month with below normal precipitation at Des Moines, 
Iowa, and Wichita, Kans.  This extensive dry weather 
in the United States occurred underneath pronounced 
anticyclonic circulation aloft. Figure 4 shows above normal 
700-mb. heights in most of the  country with two intense 
centers of positive anomaly, one over Tennessee and  the 
other off the  northwest  coast. The marked anticyclonic 
vorticity associated with these centers is well portrayed 
in figure 9. In  the Southeast  strong anticyclonic shear 
south of the  jet  stream over the  Great  Lakes (fig. 5) 
combined with  sharp anticyclonic curvature  around  the 
high center in Florida (fig. 4) to produce a center of in- 
tense anticyclonic vorticity  over  South Carolina. The 
desiccative  effect of subsidence in regions of a.nticyclonic 

TABLE 3.-New  daily temperature records established during May 
1956 at  cities  with extremes for both maximum and minimum 
readings 

MalimUIU 
City State Data temperature Data temperature 

Minimum 

(" F.) (" F.) "- 
Alpena _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

North Carolina _ _ _ _ _ _ _ _ _  Charlotte .____________ 
Maryland -._____________ Baltimore _ _ _ _ _ _ _ _ _ _ _ _ _  11 81 Michigan _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

94 14 41 I1 
95 

2d 41 
11 35  14 93 

13 94 
Delaware _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Wilmington _ _ _ _ _ _ _ _ _ _ _  

11 35 
Virginia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Richmond _ _ _ _ _ _ _ _ _ _ _ _  13 88 

11 37 
Rhode  Island ______.____ Providence _ _ _ _ _ _ _ _ _ _ _ _  14 92 

26 42 
Pennsylvania _ _ _ _ _ _ _ _ _ _ _  Philadelphia _ _ _ _ _ _ _ _ _ _  

26 37 
13 92 New Jersey _ _ _ _ _ _ _ _ _ _ _ _ _  Newark __..___________ 

11 44 
13 76 Massachusetts _ _ _ _ _ _ _ _ _ _  Nantucket _ _ _ _ _ _ _ _ _ _ _ _  14 

30 a4 

vorticity,  particularly  during  the warm season, has fre- 
quently been noted. 

4. TRANSITION WITHIN THE MONTH 
The general circulation during May 1956 was composed 

of two differing  regimes. These  are  portrayed in figure 
10, which  shows 15-day mean 700-mb. maps for the two 
halves of the month.  During the first  half  (fig. lOA), the 
basic pattern in the United States consisted of a deeper 
than normal trough along the west coast and stronger 
than normal ridge near the Appalachians. As a result, 
temperatures were  cold in  the Far West, but warm in the 
remainder of the country (except the Northeast). During 
the week ending May 13, surface temperatures averaged 
10' below normal in Nevada, but 12' above normal in 
Eansas [ 71. 

An interesting  transition occurred in  the second  half of 
the month (fig. 10B). The trough which had been  in the 
central Pacific (fig.  10A) moved eastward from about 
180' to 160' W., intensified at  middle latitudes, and 
extended its influence to low latitudes. Consequently, the 
trough along the west coast of the United States was by- 
passed by  the main belt of westerlies and converted into a 
weak low-latitude feature, while heights rose to above 
normal levels throughout the western United States, 
At  the same time, a trough in  the western Atlantic retro- 
graded to  eastern  North America, a strong ridge developed 
in mid-Atlantic, and a deep trough  appeared dong the 
European coast (fig. 10B). As a result of these circula- 
tion changes, surface  temperatures averaged above 
normal during the second  half of the  month  in  the western 
two-thirds of the United States,  but below normal in the 
East. Maximum departures of +9' F., in  the Northwest 
and -9' F., in the Northeast were observed for the weeks 
ending May 20 and 27 [7]. 

One manifestation of this  transition  is the odd circum- 
stance that several cities in  the eastern United States 
experienced record-breaking temperatures for both maxi- 
mum  and minimum readings within the same month, 
Some of these new records, which are  for  individual dates 
only, are listed in table 3. Note  that  the maximum 
temperatures occurred during the first half of the month: 
the minimum temperatures  during the second half. 
In  some  cases these opposite extremes were recorded only 
3 days apart. 
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- ' B. Departure of Average  Temperature  from  Normal (OF.), May 1956. 
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Chart 111. A. Departure of Precipitation from Normal  (Inches),  May 1956. 

B. Percentage of Normal  Precipitation,  May 1956. 
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. - + Chart VII. A. Percentage of Possible Sunshine, May 1956. 

B. Percentage of Normal Sunshine,'May 1956. 

A. Computed from total number of hours of observed sunshine in relation to total number of possible hourq of 
sunshine during month. B. Normals are computed for  stations  having at least 10 years  of record. 
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